Material and methods

Area selection
The study focused on rice farming and small-scale freshwater pond fish farming. A multi-stage sampling procedure was followed to select the study area and the sample size. Mymensingh district was chosen as the study district because of the relevant presence of freshwater ponds for aquaculture. Four out of twelve Mymensingh sub-districts were selected based on the concentration of pond fish farming in these areas: Mucktagachha, Trishal, Phulpur, and Bhaluka (Figure 1 ). These areas are substantial for pond fish farming due to the availability of the hatchery-produced fry and industrially manufactured pelleted feed, favorable resources and climatic conditions, availability of ponds, and cheap and abundant labor [6] .
Commodities selection
A crop calendar year represents two major growing seasons: summer season (or Kharif season, from April to October), and winter season (or Rabi season, from November to March). Rice is the staple food in Bangladesh; therefore, farmers produce rice in both seasons along with other crops and vegetables. The major growing crops in Mymensingh district are rice, jute, and some winter vegetables [8] , but farmers who convert their land to fish farming are limited to rice and fish farming activities only. Farmers cultivate different varieties of rice and fish during summer and winter seasons. Although some farmers grow some vegetables, potatoes, sweet potatoes, and mustard, they were excluded from this sample unit because of the negligible amount of land that they use.
Data collection
A combination of the participatory, qualitative and quantitative methods was used for primary data collection during May-September 2012 in the northern part of Bangladesh. The primary information was obtained by interviewing key informants and doing a questionnaire for farm households. In total, 115 small-scale farmers were purposively selected from four sub-districts. The information was collected from key informants first and then from the household surveys. The participants were briefed about the background of the research, its objectives, and the type of data required for the study. The secondary information was collected from the available literature (publications and research articles) produced by different government and private organizations.
Analytical framework
The PROMETHEE method is part of the outranking methods proposed by Roy [9] . In 1982, Brans presented the PROMETHEE I method for partial ranking of the alternatives, and the PROMETHEE II method for complete ranking of the alternatives [10] . PROMETHEE generates local scores as a result of a pair-wise comparison among the criteria that were previously selected by the user. The local scores are then aggregated into a global score, which leads to the PROMETHEE I or PROMETHEE II rankings [11, 12] . In PROMETHEE I, the resulting ranking is a partial pre-order, whereas the resulting ranking is a complete pre-order in PROMETHEE II. Some special types of PROMETHEE models have been developed by different researchers, such as the PROMETHEE GDSS for group decision-making [13] , the PROMETHEE GAIA (Geometrical Analysis for Interactive Aid) for graphical representation [14, 15] , the PROMETHEE TRI for problem sorting, and the PROMETHEE CLUSTER for nominal classification [16] . PROMETHEE II is the basis for implementing other PROMETHEE methods, referred by the majority of researchers [10] . The PROMETHEE rainbow and GAIA procedure are integrated into the PROMETHEE software package. The PROMETHEE rainbow is a disaggregated view of the PROMETHEE II complete ranking, and each slice of rainbow for each alternative corresponds to the contribution of the criterion [31] . This contribution corresponds to the Phi net flow score of the alternative taking into account the weight of the criterion. The PROMETHEE GAIA (Geometrical Analysis for Interactive Aid) investigates the strengths or weakness of solutions, incomparability between alternatives, and the quality of the alternatives with respect to the different criteria. In the process of investigation, similar preferences of the criteria vectors orient in the same direction, while conflicting criteria are pointing in opposite directions and the power of alternative's differentiation is defined by the length of each criteria vector [17] . Moreover, the PROMETHEE decision axis, Phi, shows the direction of the compromise result based on the weight, the preference function, and assigned thresholds to the criteria. Therefore, PROMETHEE rainbow and GAIA method were used to identify the best criteria for decision-making regarding farmland in the study areas.
There are some important sequential tasks before proceeding to the use of PROMETHEE method. The first task is to identify the appropriate comparable criteria performance over the different alternatives. All criteria are not equally important to the decision makers. Additionally, PROMETHEE II assumes that the decision makers are able to weigh the criteria appropriately [18] . Then, the next task of this method is for the decision-makers to assign weigh values to the criteria. The final task is to set a particular preference function for each criterion (the difference between the evaluations of two alternatives). The preference function is translated into a preference degree ranging from zero to one [10] . VInCKE and Brans [19] proposed six types of function to simplify the selection of the preference function by decision makers: usual criterion, U-shape criterion, V-shape criterion, level criterion, V-shape with indifference criterion, and Gaussian criterion. Gaussian preference is a generalization of the other five forms and it was used in this research. Moreover, Gaussian preference does not have discontinuities, which contributes to the stability and the robustness of the results that it produces [20] .
The PROMETHEE II method follows some stepwise procedures ( Figure 2 ). The first step is the determination of deviations based on pair-wise comparisons, which are followed by using a relevant preference function for each criterion [10] . The next step is to calculate the overall or global preference index. The aim is to evaluate the overall preference of alternative 'a' over alternative 'b'. The overall or global preference index π (a,b) is calculated by the weighted sum of the preference degrees P j (a,b). The weight w j represents the importance of each criterion in the decision making. Each alternative is then compared by n -1 other alternative, thus resulting in two outranking flows (a positive and a negative) found in step 4 of PROMETHEE I partial ranking. Some alternatives in the partial ranking are comparable, while others are not. The last step of PROMETHEE II procedure is to calculate the net outranking flow for each alternative, thus completing PROMETHEE II ranking. At this stage, all alternatives become comparable, although a considerable part of the information is lost after taking the difference of the positive and negative outranking flows [21] .
Two software packages are available to run the PROMETHEE method: PROMCALC which was developed by MarEsCHaL and Brans [22] , and DECISION LAB, developed by Canadian company 'Visual Decision' in collaboration with MarEsCHaL and Brans [23] . PROMCALC uses PROMETHEE I, II, V, VI as well as the GAIA visual module for all types of multi-criteria problems [10] . DECISION LAB replaced the PROMCALC because of its computational Stepwise procedure of PROMETHEE II method (modified from Behzadian) [10] help and analytical aids which improved the quality and reliability of this software for decision-making processes [24] . DECISION LAB also includes treatment of missing values, categorization of actions or criteria, and the definition of multiple scenarios [18, 25, 26] .
Model specification
Economic factors are the leading decision making criteria of land use alternatives in the areas selected for the research. Economic factors include: labor requirement, land conversion cost, operating cost production rate, and total revenue. Conversion cost was calculated for the year 2012 by compounding the initial cost of land conversion of the household plus a 10% interest rate [27] . Another important economic performance indicator, growth rate of output market price, was included in the multi-criteria decision making method. Growth rate of market price is a good criterion for choosing any enterprise. Therefore, market price data for crop and fish were collected from the DAM (Department of Agricultural Marketing) database during 1990-2013 to calculate their market price growth rate. The prices of Local Aman (course), Aman (pajam), Local Boro and Boro (pajam) were used to calculate the market crop price growth rate. The fish market price growth rate was calculated based on the prices of Pangus (small: 1.5-2kg), Rohu (small: 1.5-2kg), Catla (small: 1.5-2kg), Mrighel (small: 1.5-2kg), Tilapia, Rui, Koi, Shing and Magur.
Some economic factors were maximized while others were minimized for the PROMETHEE method. The preference functions and weights were also associated with the criteria (Table 2 ). In the first step, all the weights were set to equal values (wi=1, i=1,2,…,5), without any specific priorities, and the program's default absolute threshold values were used. Threshold values can be absolute or a percentage. The values fixed for each criterion was based on a selected preference function.
Results and discussion
Decision-making is a psychological process. It is influenced by the decision maker's socio-economic status, and by certain institutional setups. Decision-making factors always depend on a particular time and place. Farm household heads were the decision makers chosen for this research.
Farmer's socio-economic characteristics
Socio-economic characteristics of the decision makers are family size, formal schooling level, land holdings, and number of household members that are regularly involved in farming operations. The survey revealed that the average family size per household in aggregate was 6.47; most of the family (79%) was categorized as medium-size, consisting of 4 to 8 members per household. The average family size in the study areas was bigger than the national average of 5.18 [28] . Variation occurred due to the larger number of samples used in the national estimation compared to the sample size of this research.
Education always influences the process of decision making in farming operations. Education is primarily divided in two categories: formal and informal. Since informal education level could not be accurately identified due to its subjective nature, this research only considered the formal schooling level of the decision makers as a sign of literacy. Sixty-nine percent of the decision makers had completed high school. The literacy rate among the decision makers surveyed in this study (90%) was higher than the national average (57.90%, [29] ). This higher figure was not surprising because only the decision maker's or the household head's literacy level was considered in this study to calculate the literacy level of the sample, whereas in the national survey the education/literacy level of every family member is included.
The number of household members who usually work on the farm (1.50 on average) indicated that the families had the potential to supply labor for the family agricultural activities. Average household size was 6.47 members, but only 1.50 family members regularly worked on the farm, an indication that rural employment forces are becoming less involved in farming activities. This research also showed that 4.94 family members who were part of the active labor force group were between 10 and 60 years of age.
Farm size was categorized according to the amount of land held by the farmers and is as follows: owned, rented/ shared/mortgaged-in land, or rented/shared/mortgaged-out land. The average land holding status of small, medium and large-scale farms was 0.53 ha.
Land use decision making
The values of criteria assessment are summarized in Table 2 . Six criteria (three maximized and three minimized) were included in the PROMETHEE analysis of landuse alternatives for decision making. In all situations, criteria weights were set to 16.67 (or 0.17). The fish farming alternative dominated over crop farming under the 'production rate', 'total revenue' and 'price growth rate' criteria. Alternatively, crop farming dominated over fish farming under the 'labor requirement', 'conversion cost' and 'land conversion cost' criteria.
The performance of the single alternatives can be seen in Figure 3 . Rice and fish farming were in the same rank because of three strong criteria against three weak criteria, but also because of imposing equal weights to all criteria. Figure 3 shows that both farming activities/practices had equal preference levels for the farmers. Table  2 shows that the favorable criteria for rice farming were labor requirement, conversion cost, and operating cost. It was expected that farmers would minimize these three criteria since small-scale farmers, who were the focus of this research, have fewer resources to provide capital for fish farming; thus, higher total revenue, production rate, and output price growth rate of fish farming would not be decision making factors for this group. However, total revenue, production rate, and output price growth rate for fish farming were, respectively, 6, 2, and 1.6 times higher than those of rice farming. In an economic sense, fish farming was more attractive to farmers than rice farming. However, PROMETHEE results revealed that labor requirement, conversion cost, and operating cost were the major influential criteria for land use decision making. By giving more rather than equal weights to total revenue, production rate, or output price growth rate, the results of the model indicated that fish farming was the preferred activity of the small-scale farmers in the study area. According to GAIA plane in Figure 4 , 'labor requirement', 'conversion cost' and 'operating cost' conflicted with 'production rate', 'total return' and 'output price growth rate'. Production rate had a high differentiation power as indicated by the length of its vector. The PROMETHEE decision axis Phi was in the rice and fish farming co-ordinate, with the long decision axis representing the higher reliability of the result. Changes in the weight values will only change the decision axis Phi while the positions of the alternatives and the criteria will remain the same [32] .
Conclusions
PROMETHHE has strong power for multi-criteria decision analysis. Single criteria decision making is a simple process that can easily provide a final decision when there are conflicting areas. The process becomes difficult when different favorable conflicting criteria need to be considered. In this study, we tried to determine the influential criteria for making land use decisions between rice and fish farming practices in northern Bangladesh. Some assumptions, such as giving equal weight to the criteria and choosing appropriate preference functions, were made in order to run the analysis. Once all criteria were analyzed simultaneously, the model indicated that there was an equal preference between rice and fish farming practices among the small-scale farmers considered in this research. This is an important indicator for policy makers because there has been a debate on whether or not more rice fields should be converted to fish farming in the near future. Noticeably, rice is the staple food to the people of Bangladesh and, currently, we are self-dependent on rice production. Therefore, the conversion of more rice fields into fish farming would be a threat to the overall rice production of the country. However, the findings of this research assured that farmers were more interested in rice farming in the study areas because of three major influential criteria associated with this practice: lower labor requirements, lower operating costs, and zero conversion costs. However, these findings are applicable to small-scale farmers only who, incidentally, correspond to 89% of all farmers in Bangladesh. Otherwise medium or large-scale farmers may prefer the highly profitable fish farming since these producers are likely to have the resources to support the operating costs of such practice. 
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